selected isotherms at the equator and the coast derived from these sections is shown in Figure 5 . At all depths, except in the thermostad (125-200 m) where the weak vertical temperature gradients increase the variance, the vertical displacement of the isotherm associated with the seasonal upwelling is distinct. The signal is sharp, especially in 1984, and not well fitted by an annual harmonic. In all instances the phase at depth leads the surface and the equator leads the coast. A continuous vertical phase shift is not evident. Instead, especially at the equator in 1984, within the layers both above and below the thermostad the amplitude and phase of the upwelling signal appear to be independent of depth.
From these curves of isotherm depths it is difficult to pick an unambiguous definition of the timing of the upwelling event. Choices might include the time of the initial rise, the maximum vertical displacement velocity, the midpoint of the vertical displacement, or the peak. The coastal record in 1984 illustrates how each definition could lead to a different interpretation. For instance, the initial rise is earliest for the 20øC isotherm, the midpoint and maximum vertical velocity are nearly simultaneous throughout the water column, but the peak is earlier at depth. At the coast there is such a qualitative difference between the shape of these curves above and below the thermostad that it is doubtful that we are seeing a single event acting throughout the water column.
To illustrate the data from which the curves in Figure 5 are drawn and to investigate further these phase relationships, the depths of the 20øC, 11øC, and 12øC isotherms are shown in averaged together is shown in Figure 12 . The contouring is derived from calculations averaged over 1 ø latitude centered at the dots. Largest values occur in the thermocline near the equator and the coast. The relative minimum with a subsequent maximum below extends from the equator to the coast. Separating the equatorial and coastal regimes is a relative minimum near 2ø-3øN throughout the water column. The question of the symmetry of this displacement field will be raised in section 4 when we identify the winds responsible for these isotherm displacements. The inherent noise in the data and the fact that few sections extend south of 2øS (see Figure 2 ) make a precise interpretation difficult. Although the structure of h2N 2 for 1983 and 1984 is qualitatively similar, there are differences. In 1983 the displacement field both in the thermocline and at depth is symmetric about the equator, whereas in 1984 it is maximum at IøS. South of 2øS the displacement diminishes at both levels, although the data there become sparse and noisy. The structure shown in Figure 12 suggests that the seasonal upwelling displacement field is more symmetric about the equator at 280 m than in the thermocline at 50 m depth.
ANALYSIS
The combined SEQUAL/FOCAL field program was successful in resolving the main seasonal upwelling for two consecutive years. This signal was particularly robust within the thermocline and was still distinct, though noisier, at depth. The data show details of the temporal and spatial structure of the upwelling that are lost in the averaged climatic mean. The upwelling is a periodic but not sinusoidal event observed throughout the water column to 300 m depth. Interannual variability consists of differences in the timing but not the structure of the upwelling. Interpretation of the 1984 upwelling event is complicated by the fact that the thermocline was anomalously deep during the preceding January to March. The continuous shoaling of the thermocline from March to July appears to be a relaxation of this anomalous condition, followed by a normal seasonal upwelling.
Wind Forcing
The primary objective of this study is to distinguish the influence of local and far-field wind forcing on the thermal structure in the Gulf of Guinea. Wind data recorded at 4øW and 29øW (Figure 3) will be used to represent the local and far-field forcing since they are the only data that are reasonably continuous and complete. The wind intensification appears to be more abrupt at 29øW. This is associated with the local passage of the intertropical convergence zone (ITCZ). In the Gulf of Guinea, since the ITCZ remains north of the equator throughout the year, more gradual changes in wind speed are expected.
In both years, at 29øW, intensification of ,x, the zonal stress, occurred over a 1-month interval. This intensification will be used as the primary time marker associated with the seasonal upwelling since there is no other event of comparable magnitude or duration in the wind data. Although subsequent wind fluctuations at 29øW have a magnitude comparable to the initial intensification event, the monthly mean during this period is roughly constant. The predominant pattern in •:x is a periodic step function rather than an annual harmonic. In contrast, the variation in We suggest, as originally proposed by Ingham [1970] and modeled by Philander [1979] , that the coastal upwelling and the thermocline structure shown in Figure 14 are primarily the result of geostrophic adjustment to the Guinea Current. Because of the changing length scale and qualitative shape of the sloping thermocline (Figure 14) , it is not likely that the Guinea Current is the result of geostrophic adjustment to a coastally trapped wave. Also, Ekman forcing by the local wind is not the dominant process since these length scales greatly exceed a local Rossby radius of deformation. How does the energy associated with the seasonal upwelling penetrate to these depths at the equator? We note that the energy at depth is less than 10% of that at the surface, so most of the energy is trapped by and confined to the thermocline. However, it is curious that the energy associated with the isotherm displacements does not decrease monotonically with Unusual conditions in the wind field (Figure 3 ) that could be associated with this anomaly are the very weak easterlies at 29øW during January to May and the westerlies at 4øW from October 1983 to March 1984. At 29øW, rx is definitely weaker in February 1984 compared to 1983. At 4øW, since there are only data during the months of August to February for one season, it is difficult to assess its interannual variability. However, the climatic mean zx [Hellerman and Rosenstein, 1983] for this period is zero so the observed zx of approximately 0.15 dyn/cm 2 is definitely more westerly than the mean.
The two noteworthy structural features of this thermal anomaly are its approximate symmetry at the equator ( Figure  8 ) and its absence at depth below the thermostad (Figures 6   and 10) . The first suggests that forcing by rx predominates. The second suggests that the forcing mechanism is different from that of the seasonal upwelling. The difference must be the structure of the wind stress field. From an inspection of the wind data in Figure 3 we suggest two factors. First, these wind field changes occur more slowly, 2-3 months, in contrast to the rapid intensification of the easterlies, and hence the response is confined to the near surface. Second, the wind in the Gulf of Guinea plays a more important role; that is, it is more of a local forcing problem. We note that model calculations by such as the absence of a zonal pressure gradient and a weakening and reversal of the south Equatorial Current. Some specific conclusions may be made at this stage of data analysis. These include the following: (1) the equatorial upwelling is forced primarily by rx distributed to the west of 4øW, (2) the asymmetry of this upwelling is due to the influence of the local meridional wind, (3) approximately 10% of this energy penetrates to depths below the thermostad, (4) the coastal thermocline upwelling is influenced primarily by the Guinea Current, (5) the deeper coastal upwelling may be forced from the equator via wave propagation on the eastern boundary, and (6) the 1984 anomaly is an event distinct from the seasonal upwelling and is probably more locally forced than is the seasonal upwelling.
All of these features appear to be sensitive to the spatial distribution and frequency content of the wind field. Previous model calculations by Busalacchi and Picaut [1983] 
